Introduction
Carnitine is present in high concentration in the rat cauda epididymidis (Marquis & Fritz, 1965) . Recently, it has been shown that 85-95% of this carnitine exists free in the luminal fluid in which spermatozoa are suspended (Brooks, Hamilton & Mallek, 1974) . This high concentration, especially extracellularly, is unique in the body and has no obvious function, although Brooks et al (1974) have suggested that it might contribute to osmotic balance in the epididymal lumen since cations such as Na+ and K+ are lost along the length of the duct (Crabo, 1965) and carnitine is accumulated (Brooks et al, 1973) .
Carnitine is known to be a cofactor in fatty-acid oxidation (Fritz, 1963 (Fritz, , 1967 and will stimulate fatty-acid oxidation in isolated mitochondria, including those from sonicated bovine spermatozoa (Casillas, 1972) . Fritz (1964) has reported that carnitine will also stimulate fatty-acid incorporation into cell lipids. These last results have been questioned by Spector (1967) , who noted that in intact Ehrlich ascites tumour cells high extracellular carnitine inhibits fatty-acid oxidation and has no effect on palmitate incorporation into cell lipids.
Spermatozoa from some species can utilize fatty acids and aldehydes from endogenous phospholipids as energy substrates (Hartree & Mann, 1959 , 1961 , and it has been shown that, during epididymal maturation of bovine spermatozoa, lipid-associated fatty acids (especially palmitate) decrease dramatically. Conversely, motile ejaculated ovine and bovine spermatozoa will incorporate exogenous palmitate into endogenous neutral lipids and phospholipids in vitro (Neill & Masters, 1971 -glyceryl-3-monopalmitin, s«-glyceryl-l,2-dipalmitin, rac-glyceryl-l,3-dipalmitin, rac- (Payne & Masters, 1969 [U-l*C]palmitate utilization experiments. In initial experiments, bovine spermatozoa obtained after the last wash were re-suspended to a volume of 3 ml in Krebs-Ringer solution, buffered with 0-05 M-phosphate (pH 7-3-7-4), containing 0-1 mg penicillin-G/ml, 0-5 pCi [U-14C]palmitic acid complexed to bovine serum albumin (Payne & Masters, 1969) , and solutions of L-carnitine-HCl of various concentrations in which pH had been adjusted to 7 with concentrated NaOH. Incubations (2 hr) were done in tightly sealed Warburg flasks (with air as the gas phase) in a shaking water bath (32°C, 120 strokes/min). Reactions were stopped by the addition of either 0-5 ml 10% trichloroacetic acid from the side arm or 2 ml chloroform : methanol (2:1 v/v).
In some oxygen uptake experiments using the Warburg apparatus, fatty-acid oxidation and utilization were also studied. In these cases incubations were done in Solutions A, or C (Table  1) . Reactions were stopped as described above.
Lipid analysis. Total lipids were extracted into chloroform after the method of Folch et al (1957) . The extract was concentrated to 1 ml under a stream of dry nitrogen and 200-pl aliquots were spotted on 500-pm-thick Anasil precoated plates (Analabs, North Haven, Connecticut). For neutral lipid identification, the plates were developed in hexane:diethyl ether:acetic acid (80:20:1 by vol.) for 2 hr (Neill & Masters, 1972 (Mann, 1964) (Text-fig. 3 ). The predominance of incorporation into 1,2-diglyceride at high carnitine concentrations occurred in all experiments. The total amount of radioactivity incorporated into diglycerides remained the same under all experimental conditions. When a lower carnitine concentration was used (Table 4) , 5 mM-carnitine had no effect on 02 uptake but reduced fatty-acid oxidation by~24%; 20 mM-carnitine affected both systems equally and significantly.
To separate the effects of carnitine and osmotic pressure, incubation solutions were made up so that the electrolyte concentrations approximated those found in the fluid of the bovine cauda epididymidis (Crabo, 1965) . These solutions (Table 1) were made isosmotic with blood with the addition of either sucrose-HCl (Solution B) or carnitine-HCl (Solution C). When spermatozoa were incubated in these fluids, the same effects of carnitine were seen, i.e. reduced 02 uptake (Table 5) , although the magnitude of response was less than with spermatozoa incubated in buffer Solution A (Tables 3 and 4 ). Fatty-acid oxidation was also reduced: 14C02 production in buffer Solution C (140,763 ± 34,134 ct/min) was only 36% of the control value for spermatozoa incubated in buffer Solution (375,923 ± 31,173 ct/min). The magnitude of response was again less than with spermatozoa incubated in buffer Solution A. The depression of fatty-acid oxidation by carnitine is not unique to bull spermatozoa. Spector (1967) has reported approximately 50% inhibition of fatty-acid oxidation in intact Ehrlich ascites tumour cells that were incubated with [l-14C]palmitic acid and concentrations of carnitine from 0-1 to 100 mM. Conversely, Fritz (1963) has reported that exogenous carnitine stimulates fatty-acid oxidation in slices of heart, liver and kidney but, as pointed out by Spector (1967) , slices of tissues will contain many broken cells and are not good models for intact cell studies.
The mechanisms by which high extracellular carnitine inhibits fatty-acid oxidation are obscure, but the evidence suggests that the effects are not intracellular. Garland & Yates (1967) have shown that free carnitine is not permeable to mitochondrial membranes and Levitsky & Skulachev (1972) report that in its cationic state carnitine is unable to permeate artificial phospholipid micelles. It is unlikely, therefore, that free carnitine can permeate the plasma membrane of the ejaculated bull spermatozoa used in this study. Casillas (1973) Neill & Masters (1972) , i.e. a predominance of incorporation of label into 1,3-diglycerides after incubation for 2 hr. The carnitine-stimulated shift toward 1,2-diglycerides is at the expense of 1,3-diglycerides, since the total incorporation into diglycerides does not change significantly. The 1,2-diglyceride predominance is of interest because of the possibility that these lipids may serve as precursors to phospholipids (Kennedy & Weiss, 1956) (Blackshaw & Emmens, 1951 ; Quinn & White, 1969; Drevius, 1972) , and it is possible that the observed carnitine effects are the result of osmotic changes, since addition of 60 mM-L-carnitine-HCl would add 120 mosmol to the osmolality of Solution A (Table 1 ). The comparison of sperm respiration in the presence and absence of carnitine under identical osmotic conditions (Table 4) showed that respiration in sucrose solutions was not adversely affected, indicating that extracellular carnitine has a direct effect on sperm metabolism that is independent of osmotic pressure.
The results reported here are partly at variance with those of Casillas (1972) , who states that carnitine has no effect on palmitate oxidation by intact bovine epididymal spermatozoa, but presents no data and does not indicate which concentrations of carnitine were used. It is possible that this difference is due to the fact that the experiments of Casillas (1972) were with epididymal spermatozoa, whereas ours were with ejaculated spermatozoa. It will be of interest to repeat our experiments with epididymal spermatozoa.
The results presented here are of interest from at least three points of view ; ( 1 ) the high carnitine concentration effect on fatty-acid oxidation is similar in the widely diverse cell types in which it has been studied; (2) it is possible that the metabolism of normally active spermatozoa may be decreased to a basal level that might be conducive to long-term storage without freezing; and (3) the high extracellular carnitine concentration found in rat epididymal fluid may be of physiological import¬ ance to the spermatozoa and may participate in maintaining the quiescent state of spermatozoa in the cauda epididymidis.
